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In this report， we present晶nexp母rimentresult in laboratory work of designing 16・bitCPUs for undergraduate 
students. A half of students use the following two verifiers to design 16・bitCPUs: (1) a verifier which checks 
the correctness of reftnement between an instruction set architecture level・5specification and its RT level's one， 
and (2) a verifier which checks the equivalence of 110 values between the controller ofthe RT level speci時cation
consisting of a single state machine and its refined controller consisting of multiple state machines. A comparison 
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きる.FPGAとして Altera社FLEX8oo0シリーズの 81188RC240 




























define(5ECONDWORD. read(mem. succ(pc))) 
μ ロード命令り
1N5TRUCTION lda 15 




1N5TRUCT10N addba I5 
acc "add(acc. bcc)・3
c ・carry(add(acc. bcc))"， 
z "is_zero(add(acc. bcc))伺;




IN5TRUCTION jpc 15 
pc IF‘c" T!lEN ・SECONDWORD"






































W!lEN s3 => 











FUNCT10N alu (in_a. in叩 b.mode) 15 
BEGIN 
ouヒ IF"mode alupassB" TH訟q
困 in.T"
EL5IF "mode aluadd" THEN 
・add(in_a. in_b)“ 
自L5IF"mode alusub" T!lEN 
"sub(i~a. in_b)" 
EL5E ・".
aluc = IF 情mode aluadd舗 T!lEN
"carry(add(in_a. in_b))・






































t seqRD initialvalue H; も
seq丑D[OJ.d= 






磐 s17& (insEXCAB普 insSETSPI巷 insCMPAI
得 insLDAI • insLDB工場 insPOPA
曇 s23
韓日lsRETURN番 nj山昭#;operator 
棒 SETorRESET普 insCMPAB# insLOTRA 
録 insLOTRB挙 insLOTLA磐 insLOTLB

































































































(2) 一状態機械で確表認した制御部の設計 290 330 480 620 180 330 330 180 30 
と正しきの
(3)機能部品の設計と正しさの確認 1530 960 1680 900 810 1800 1580 990 910 
(4) 言複十数と状ま態し機さ械ので確表認した制御部のt 1170 1170 1650 1290 3250 2380 2330 1530 1450 
(5) の各機入能力部と品正のし接さ続の悩確報認のCADへ 870 1020 530 330 1110 330 1100 960 150 
(6) fP9Aボー ド上で実装するための 500 680 700 440 1200 260 1740 530 800 
付加悩報の入力
(7)課題プログラムの作成 930 810 960 60 150 540 360 360 530 
(8) FP(jA.ボー ド上でのiEしさの確認 750 820 1420 930 360 480 1200 300 850 
(b)検証システムを用いたグループの作業時間










420 360 180 150 210 570 360 180 120 180 150 
180 300 360 730 750 720 370 780 600 48 590 
1260 ml~ m ~I~ ~I~ ~I~ 630 
720 1710 2940 1590 990 1980 1645 1270 2055 2040 2460 
150 1290 210 720 1050 150 1110 150 150 150 150 
920 920 740 260 680 440 285 740 1450 530 1000 
780 240 150 o 1080 870 180 1080 830 540 780 
1110 960 3060 975 1230 960 1560 900 1000 570 2420 
5540 6050 8720 4995 6770 6710 6410 6420 6985 5540 8180 
表2 各グループごとの実実験袴賂(単位分)
1':.1 T-2 T-3 'f.ー4τ':...5 T-6 T-7 T-8 T-9 
4790 3590 5180 3650 6480 4300 5640 336 3670 
V'-1 V-2 V-3 V-4 V-5 V-6 V-7 V-8 V-9 V-IO V-ll 
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